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The cytochrome bc1 complex (bc1) is a widespread, dimeric redox-driven pro-
ton translocase. It oxidizes molecules of ubiquinol (UQH2) in the site QP of the
cytochrome b subunit, whereby the two released electrons are transferred, re-
spectively, to the heme of cytochrome c1 - via the mobile soluble domain of
the Rieske protein (the ‘‘head’’ domain) - and to a ubiquinone (UQ) molecule
in the QN site of cytochrome b.
Earlier kinetic studies have indicated that the movement of the Rieske ‘‘head’’
domain could be coupled with the quinone reduction in the QN site. Thermody-
namics considerations also indicate that the ability of the Rieske ‘‘head’’
domain in one monomer to move towards cytochrome c1 might be coupled
with the docking of the ‘‘head’’ domain to cytochrome b in the other monomer.
However, the details of such mechanistic coupling within the bc1 dimer remain
elusive.
In the present study, large-scale MD simulations were used to track the commu-
nications within the bc1 of Rhodobacter sphaeroides.
Different computational techniques (correlation analysis of interaction ener-
gies, motion cross-correlation, co-evolution of amino acid positions) have
revealed possible pathways for transmembrane propagation of information
about the redox state of UQ in the QN site. Equilibrium and metadynamics sim-
ulations of the bc1 revealed two distinct binding modes for semiquinone (SQ)
and UQH2/UQ in the QN site and the two positions of UQ in the QP site which
corresponded to these QN modes, whereby a SQ in the QN site favored tighter
docking of the Rieske ‘‘head’’ domain and hindered its outward motion. Meta-
dynamics simulations also showed that the Rieske ‘‘head’’ domain of one bc1
monomer could easier move towards cytochrome c1 when the ‘‘head’’ domain
in the opposite monomer was docked to cytochrome b.
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Activating mutations in the kinase domain of anaplastic lymphoma kinase
(ALK) have been implicated in the early childhood cancer, neuroblastoma.
using molecular dynamics based methods, we investigate how these point
mutations promote constitutive kinase activation in neuroblastoma patients.
We analyze the solvent-accessible surface area, hydrogen-bond occupancies,
water density fluctuations, and principal components of motion of key regions
of the protein and apply scoring functions to these analyses to characterize each
mutation’s mode of activation.We compare our results to biochemical rate con-
stants and clinical data to confirm the relevancy of our findings. Our results
demonstrate that these mutations may disrupt key hydrophobic and hydrophilic
networks which stabilize the inactive conformation of the kinase domain and
suggest that computational modeling may be a useful tool in predicting which
receptor tyrosine kinase mutations are activating.
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A large number of biological processes, such as protein trafficking, are regu-
lated by motifs that guide proteins to curved membranes. These unstructured
motifs in solution fold into an amphipathic alpha-helix at the membrane inter-
face. One of them is the ALPS (Amphipathic Lipid Packing Sensor) motif of
the ArfGAP1 protein involved in uncoating of COPI vesicles. Bigay et al. pro-
posed in 2003 that ALPS does not recognize curvature per se but rather packing
defects that arise from membrane bending.
Here, we performedmolecular dynamics simulations to characterize lipid pack-
ing defects and understand how ALPS recognizes these defects. First, we show
that packing defects can occur by introducing conical lipids such as dioleoyl-
glycerol (DOG) into a flat phosphatidylcholine bilayer. Interestingly, the sizeand number of defects resemble those observed in a convex membrane by
Voth and colleagues. Second, we observe that ALPS binding to the bilayer
interface is driven by the insertion of bulky hydrophobic residues into large
pre-existing packing defects. Remarkably, these defects do not co-localize
with DOG lipids and are evenly distributed. To gain insight into the futher steps
(folding into an alpha-helix), we are currently performing Replica-Exchange
Molecular Dynamics simulations.
JoA¨lle Bigay, Pierre Gounon, Sylviane Robineau & Bruno Antonny. 2003.
Lipid packing sensed by ArfGAP1 couples COPI coat disassembly to mem-
brane bilayer curvatures. Letters to Nature. 426
Haosheng Cui, Edward Lyman & Gregory A. Voth. 2011. Mechanism of
Membrane Curvature Sensing by Amphipathic Helix Containing Proteins.
Biophysical Journal. 100: 1271–1279
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We simulate a large patch of membrane (130x10x20 nm) using the Martini
coarse grained force field for lipids. The large size of the membrane enables
access to long wavelength fluctuations, which allows us to compute a fluctua-
tion spectrum (fluctuation amplitude at different wavelengths). The spectrum
contains both a tension dominated and a bending rigidity dominated regime
on wavelengths well above the protrusion regime [1] or molecular tilt regime
[2]. The fluctuation spectrum can then be fitted to the prediction of to the
standard Helfrich effective Hamiltonian [3], like in flickering experiments.
The tension used in the fit of the fluctuation spectrum is calculated directly
from the lateral stresses, and our only fit parameter is then the bending rigidity.
We establish an overall consistency of the bending rigidity obtained from fits of
the fluctuation spectrum for membranes with different tensions. We have also
applied an electric field on the membrane. The electric field will change the
lateral stress profile of the membrane and the change of the fluctuation spec-
trum is studied in detail. In particular, the response of the membrane stress pro-
file to the applied electric field is compared to our recent theory [4].
[1] G. Brannigan and F. L. H. Brown, Biophys J. 90, 1501 (2006)
[2] M. C. Watson E. G. Brandt P. M. Welch and F. L. H. Brown, Phys. Rev.
Lett. 109, 028102 (2012)
[3] U. Seifert, Adv. Phys., 46, 13-137 (1997)
[4] M. A. Lomholt, B. Loubet and J. H. Ipsen, Phys. Rev. E 83, 011913 (2011)
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Regulation of cholesterol homeostasis is essential to mammalian cell function,
and multiple response pathways are responsible for detecting and maintaining
cholesterol levels in different membranes. Recent work has suggested that these
pathways selectively respond to an active form of cholesterol that is observed
only above a threshold concentration. However, the differences between active
and inactive forms of cholesterol are still poorly understood. To identify struc-
tural changes in cholesterol-membrane interactions associated with activation,
we use molecular dynamics simulations of phospholipid/cholesterol membrane
bilayers to obtain atomic-level detail of how the dynamic structure of mem-
branes is perturbed as the cholesterol concentration increases, which are ana-
lyzed for changes consistent with activation. We find that at high cholesterol
concentrations, cholesterol becomes significantly more exposed to solvent
and partially shifts out of the membrane. This effect is seen in membranes com-
posed of either saturated or unsaturated lipids, and shifts in experimentally
measured activation thresholds with membrane composition are consistent
with changes in increased cholesterol exposure in simulations. We have iden-
tified several structural changes in cholesterol within membranes coincident
with cholesterol activation as measured in experimental systems. These results
demonstrate that the activation of cholesterol believed to be responsible for reg-
ulating cholesterol trafficking and homeostasis has a common structural basis in
its interactions with the membrane. Future studies will focus on validation of
these simulated results with biophysical and spectroscopic experiments and ex-
ploration of the effects of small molecules on cholesterol activation.
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Wednesday, February 6, 2013 663aAnesthetics, in general, are a big discussion topic when it comes to describe
their way of action. There are two main models that portray such process.
The first and more accepted one states a direct effect over the proteins receptors
of the membrane that regulates the nervous impulse. The second gives more
emphasis on the membrane lipids, in which more tangible properties are taken
in consideration, such as its compressibility. This model poses a more general
and less specific way of action that the one suggested by the membrane protein
receptors.
In our work, we study the electrostatic properties of the interaction of a drug
and a membrane model by solving the Poisson-Boltzmann equation. Moreover,
we also simulate the dynamics of the system by Molecular Dynamics (MD). As
a final approach we estimate the configurational entropy in order to understand
how the system behaves and evolves in time.
We build five systems whose main component is a bilayer membrane of the
saturated lipid Dipalmitoylphosphatidylcholine (DPPC), in presence of four
different drugs: caffeine, lidocaine, procaine and tetracaine. One for each
molecule and a fifth as a control.
From the positions and energies results of the MD, it was possible to see how
the caffeine posses a certain preference for the polar region of the membrane
model and the anesthetics for the apolar region. These last ones produced
a destabilization effect over the lipid tails of the membrane, which we were
able to measured by means of a configurational entropy. Each molecule, lido-
caine, procaine and tetracaine, gave increasing values of entropy; this is a direct
effect of the membrane disorganization, offering a possible explanation on how
different anesthetics provide such different effectiveness.3403-Pos Board B558
Coarse-Grained Molecular Dynamics Simulations Reveal the Membrane
Dependence of MscL Gating
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Membrane proteins are solvated in a lipid bilayer; with the proteins’ hydropho-
bic area covered by the bilayer’s hydrophobic core. The strong bilayer-protein
hydrophobic interactions effectively couple the protein to the bilayer and vice
versa. Therefore, membrane protein function can be influenced with changes in
bilayer properties.
A coarse-grained MARTINI molecular dynamics model is used to explore the
lipid bilayer influence on the mechanosensitive channels of large conductance
(MscL). Among the mechanosensitive channels MscL is the most studied and
often used as a model for how proteins sense membrane tension. We character-
ize the MscL gating kinetics dependence on bilayer properties by simulating
MscL embedded in bilayers of different composition and with systematic addi-
tion of straight chain alcohols. Both bulk
bilayer properties and local properties/de-
formation around the proteins are analysed
in addition to MscL time to opening after
applied tension (ko). The in-silico predic-
tions are compared with experimental data
determined using reconstituted MscL in
a liposomal fluorescent efflux assay. The
in-silico model correctly predicts known
MscL behaviour, like longer ko in thicker
bilayers. Surprisingly, the model also pre-
dicted longer ko with the addition of octa-
nol, a finding which was experimentally
confirmed.3404-Pos Board B559
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Lipids constitute the primary structural element of biological membrane and
they play a central role in biochemical and biophysical processes of the cells.
Because of their obvious biocompatibility, lipids and their derivatives are of
great importance in pharmaceutical applications. Lipids can self-assemble
into a variety of structures such as bilayers, micelles, and liposomes. Lipo-
somes are the key structure for drug delivery because they can transport hydro-
philic and hydrophobic compounds embedded in their interior and in the bilayer
respectively. Liposomes are vulnerable to attack from the immune system and
after a first adhesion to the proteins in the blood plasma they are recognized and
removed from the blood. The circulation time of liposomes in the bloodstream
can be prolonged using lipids with hydrophilic polymers attached to their head-
groups, which form a protective steric barrier.In this study, we performed molecular dynamics simulations to analyze the
effect of the Polyethylene glycol (PEG) as polymer coatings. Here we analyze
different biophysical properties of the equilibrated mixed bilayers to determine
how the presence of PEGylated compounds in varying chain lengths and
concentration affects the lipid bilayer. Short PEG chains (< 20 PEG units)
are unstable in the water phase and after aggregation, diffuse in the lipid bilayer
rapidly increasing the disorder and the area of the lipid bilayer. This behavior is
not unexpected because PEG is soluble in several nonpolar as well as polar
solvents. On the other hand, longer PEG chains (> 20 PEG units) are more
stable in the water phase and their aggregates do not show the tendency to dif-
fuse from the water to the hydrophobic core of the lipid bilayer. These simula-
tions reveal that PEG chain length is an important factor in the development of
functionalized liposomes for drug delivery.
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DAGs are lipid molecules capable of triggering a wide range of biological
responses. They serve as second messengers by regulating both the transloca-
tion to the membrane compartment and the activation of C1 domain-bearing
proteins. They are also involved in the activation of certain TRPC channels,
the facilitation of membrane fusion and other phenomena of great biophysical
interest. DAG-mediated processes are associated with diseases such as cancer,
diabetes, immune system disorders and Alzheimer’s disease, thus further
motivating studies that would provide deeper insight in the physical properties
of DAG-containing membranes.
We developed a GROMOS force field-based description of biologically rele-
vant DAG isoforms at the atomic level and incorporated the DAG molecules
into model phosphatidylcholine bilayer systems developed earlier [1]. We
subsequently employed molecular dynamics simulations of the mixed hydrated
bilayer systems. Our studies allowed us to observe overall thermodynamic and
structural effects as a function of increasing DAG concentration and varying
chain composition. The effects could then be compared with experimental ob-
servations. Moreover, we obtained information related to the mobility of DAG
and its local effects that are not readily accessible by experimental means.
Our study highlights the importance of the modulation of several physical prop-
erties of lipid bilayers by DAG in a local level. It also provides a valid model
for studying the interactions of lipid bilayers with DAG-responsive proteins by
computational means.
[1] Poger, D., and A. E. Mark. J. Chem. Theory Comput. 6 (2010) 325.
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During the elongation cycle, after peptide-bonds are formed in the ribosome,
transfer RNAs translocate to their new binding sites. Resting on extensive
MD simulations of 13 near-atomistically resolved translocation intermediates
of the fully solvated ribosome, we have estimated the rates from transition state
theory for the motions of the tRNAs, 30S head and body, as well as the L1-
stalk. The Kramers pre-factor and transmission coefficient were determined
from a statistical analysis of transitions observed in the simulations.
To that aim, we first estimated all free energy barrier heights from a multidi-
mensional quasi-harmonic approximation derived from local fluctuation
analysis. Second, we introduced two model parameters, an attempt rate and
a constant scaling factor for the estimated barrier heights. using the assumption
that all barrier crossings occur at the same attempt rate, scaling factor and
attempt rate were obtained through a least squares fitting of the transition
probabilities observed in our simulation times to the respective transition prob-
abilities from Kramers theory.
The obtained rate estimates range from ns to ms and suggest that tRNA move-
ment, rather than body and head rotation, is rate-limiting for most transitions
between intermediate states of tRNA translocation.
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Small interfering RNA (siRNA) molecules play a pivotal role in silencing gene
expression via the RNA interference (RNAi) mechanism. SiRNA offers consid-
erable promise for gene therapy, and substantial effort has gone into developing
